Please cite this article as: Liang, S., Were, L., Chlorogenic acid induced colored reactions and their effect on carbonyls, phenolic content, and antioxidant capacity in sunflower butter cookies, Abstract: 15 The high chlorogenic acid (CGA) content of sunflower seeds causes a greening reaction 16 in sunflower butter baked products which can deter application of sunflower butter as an 17 allergen-free alternative to other plant and dairy based butters. This study focused on how 18 greening intensity of sunflower butter cookies made with different sweeteners (maple, agave, 19 corn syrups, honey and xylitol) affected greening, protein oxidation products, Folin and ABTS •+ 20 radical scavenging ability. Cookies made with maple syrup and xylitol had higher pH and 21 resulted in more greening. The dough made with agave syrup had highest total carbonyls caused 22 by its highest reducing sugar content resulting in more Maillard reaction during dough 23 preparation, while after baking cookies with highest greening (maple syrup) and highest reducing 24 sugar (agave syrup) had higher carbonyls than other sweetener treatments. Cookies made with 25 maple syrup and xylitol also had lower folin-ciocalteau reagent reducing capacity and tryptophan 26 fluorescence. The greening reaction did not affect Schiff bases from oxidation and antioxidant 27 capacity in cookies made with different sweeteners. Higher pH sweeteners thus enhanced 28 greening intensity, tryptophan loss and lowered the total phenolic content after baking and 29 storage, but did not influence the ABTS •+ capacity of sunflower butter cookies.
pH of sample mixtures prepared by dissolving 0.5 g of dough and cookies in 5 mL nano 101 filtered water was measured according to AACCI method 02-52.01 (1999) . After 1 min 102 homogenization (Multi-prep Homogenizer, PRO Scientific Inc., Oxford, CT. USA) at speed of 103 1.3x10 3 *g, mixtures were incubated for 1 h, centrifuged (AccuSpin 1R-75003449, Thermo 104 Fisher Scientific, Inc. CA. USA) at 9x10 3 *g at 4 °C for 30 min, before pH testing using a pH 105 meter (Vernier Software & Technology, OR. USA). 106 Internal greening intensity of cookies (lateral cut) was measured using a Hunter L*a*b* 107 spectrophotometer (CM-2500d, Konica Minolta, Inc. Japan) where negative and positive a* 108 value represents greeness and redness respectively (Zhang, Chen, & Wang, 2014) . Sweeteners (0.12 g) were dissolved in 20 mL nano filtered water to obtain the same 114 sweetener concentration in cookies after baking. The sweetener solutions were placed into a 115 convection oven for 7 min at 140 °C to account for tryptophan fluorescence from sweeteners 116 alone. Dough and cookie samples (0.3 g) were dissolved in 10 mL nano filtered water. After 117 homogenization, centrifugation and filtration (0.45 µm nylon syringe filter), the filtrates (0.5 mL) 118 were diluted (1:10) using nano-filtered water. Tryptophan fluorescence intensity was measured at 119 λ excitation =280 nm and λ emission =300-500 nm, while Schiff bases produced from protein and lipid oxidation were measured at λ excitation =350 nm and λ emission =380-600 nm (λ max =475 nm), with a slit M A N U S C R I P T The supernatant for determination of Folin-Ciocalteu Reagent/FCR reducing capacity in 125 sunflower butter cookies was prepared according to Yu, Nanguet, and Beta (2013) . The sample 126 supernatant (0.2 mL) and CGA standard solutions (0.05-0.4 mg/mL) were mixed with 1.5 mL As expected (USDA, 2016) , the sugar composition of dough and cookies presented in Table 1 showed that dough and cookies made with maple syrup had the most sucrose, followed 147 by corn syrup, honey and agave syrup. Before baking there was no glucose and fructose in 148 doughs made with maple syrup, but after baking, 0.5 mg/g fructose was measured, indicating 149 some hydrolysis of sucrose occurred (Andrews, Godshall, & Moore, 2002; Eggleston & 150 Amorim, 2006) . Total sugars were higher in dough compared to the corresponding cookies.
A C C E P T E D

151
Decreased glucose and fructose after baking was attributed to reducing sugars being used up in 152 the Maillard reaction (Martins, Jongen, & Boekel, 2001) . Sugars from the other carbohydrate 153 containing ingredients (wheat flour and sunflower butter) in cookies were negligible as they were 154 below detection limit in dough and cookies made with xylitol. Given that xylitol is a sugar 155 alcohol, the source of the reducing sugars in all doughs was thus the liquid sweeteners, since 156 flour and butter did not contribute to sugar content.
M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT 10 which also resulted in less greening and thus more free reactants/reducing sugars (Table 1 and 2).
190
Greening and total carbonyl content was influenced by the various pH and moisture 191 combinations, and could also be influenced by processing and storage history of the sugar syrups 192 which were not determined in the current study. The doughs made with different sweeteners had similar Trp fluorescence, which was 212 higher than that of the corresponding cookies (Fig. 3b-c) . The doughs' higher Trp fluorescence is 213 from protein maintaining the native structure and less protein oxidation occuring before baking.
214
After baking, Trp fluorescence in cookies was ranked as honey>corn syrup>agave 215 syrup>xylitol>maple syrup (Fig.3 ). Cookies made with maple syrup had the largest decrease 
Folin-Ciocalteu Reagent reducing and trolox equivalent antioxidant capacity (TEAC) 227
There was no significant difference in FCR reducing capacity in dough as a function of the 228 different sweeteners (P>0.05; Fig. 4.) , which was attributed to sunflower butter being the major Table  Table Table  Table Values are the average of four replicates ± standard deviation. Same letters in each column are not significantly different (P>0.05) bdl refers to below detection limit.
M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT 
A C C E P T E D ACCEPTED MANUSCRIPT Error bars represent standard deviations of means from two cookies.
16
Same lettering above bars refers to treatments that were not significantly different • Chlorogenic acid is a reactant in both greening and browning reactions • Greening reaction lowered tryptophan fluorescence and total phenols • Greening reaction did not affect the antioxidant capacity in cookies • Schiff bases from oxidation were not affected by sweeteners and greening
